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A NEW DECOUPLING CONTROL SCHEME
FOR THE PARALLEL OPERATION OF UPS

Lin Xinchun — Duan Shanxu — Kang Yong — Chen Jian
∗

This paper presents a new decoupling control scheme for paralleling UPS. The proposed control scheme can effectively
weaken the coupling between the variable regulating frequency and the voltage amplitude (or between the variable regulating
voltage amplitude and phase) As a result, it can avoid the positive feedback and improve the performance of dynamic
response. The simulation and experimental results show that the proposed control scheme can not only achieve good dynamic
performance but also improve stability.
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1 INTRODUCTION

Uninterruptible Power Supplies (UPS) are used to pro-
vide the power to critical loads such as computers, satel-
lite systems, bank transactions, and life support equip-
ment. In order to improve the reliability of the whole sys-
tem, the demand for the UPS system connected in parallel
is increasing [1], [2]. The parallel operation of UPS has
many desirable features such as expandability of output
power, ease of maintenance, and redundancy implemen-
tation.

Now there are many control schemes of paralleling
UPS [3], [4], however, regulating the phase (or frequency)
with active power while regulating the voltage amplitude
with reactive power are more appreciated [5], [6], because
this control scheme can achieve good active and reac-
tive power sharing between paralleled UPS in static state.
However, we can see in Section 2.2 that this traditional

control scheme may introduce positive feedback during
the process of regulating phase (or frequency) and ampli-
tude. As a result, it may lead to the oscillation or even
instability of the whole system.

In this paper, we propose a new decoupling control
scheme to overcome the problems caused by the tradi-
tional control scheme. In this new control scheme, the
phase (or frequency) is regulated by a new control vari-
able instead of active power, while the voltage amplitude
is regulated by another new variable instead of reactive
power. In order to validate the decoupling control scheme,
we give the simulation and experimental results for the
parallel operation of two single-phase UPS with no con-
trol interconnection. The simulation and experimental re-
sults prove that the new decoupling control scheme can
achieve better performance of dynamic response, and, at
the same time, the proposed control scheme can avoid
oscillation and instability of the UPS paralleling system.
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2 LIMITATION OF THE

TRADITIONAL CONTROL SCHEME

To simplify the analysis, the equivalent circuit of two

single-phase paralleled UPS is shown in Fig. 1, where

E1∠θ1 and E1∠θ1 are the output voltages of UPS1 and

UPS2, I1 and I2 are the output currents of UPS1 and

UPS2, jX and rL are the line reactance and line resis-

tance, respectively, V̇ is the load voltage, R is the load

resistance.

2.1 Calculation of active and reactive power

Using the instantaneous power theory [7], we can cal-

culate the instantaneous output active and reactive pow-

ers of UPS1 and UPS2 from Fig. 1 as follows,
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where P1 and P2 are the output active powers of UPS1

and UPS2, respectively, while Q1 and Q2 are the output

reactive powers of UPS1 and UPS2.

2.2 Limitation of the traditional control scheme

In the traditional control scheme, the phase (or fre-

quency) is controlled by the error of active powers, while

the amplitude is controlled by the error of reactive pow-

ers. For the convenience of analysis, we will only point

out the limitation of regulating phase (or frequency) with

active power, and the limitation of regulating voltage am-

plitude with reactive power can be analyzed in the same

way. If P1 > P2 , then Q1 < Q2 holds in static state un-

der the traditional control scheme. So the assumption is

defaulted in the traditional control scheme that P1 > P2

is caused only by Q1 > Q2 , and independent of E1 and

E2 . However, from equations (1) and (2) we can see that

P1 and P2 are related not only with θ1 and θ2 , but also

with E1 and E2 . As a result, maybe P1 > P2 is satis-

fied in the situation of θ1 < θ2 . So regulating the phase

(or frequency) with the error of active powers may intro-

duce the positive feedback, which will lead to oscillation

or instability of the whole system.

2.3 Limiting range for the traditional control

scheme

From the analysis in Section 2.2, we can see that the

traditional control scheme may lead to positive feedback,

we will give the condition for positive feedback in the

following.

The errors of active and reactive powers can be ob-

tained from equation (1), (2), (3), and (4) as follows
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similarly, regulating phase (or frequency) with the error of

active powers will be analyzed in the following. If θ1 > θ2 ,

then the limiting range is referred to the possible values

of θ1 , θ2 and E1 , E2 while meeting ∆P = P1 −P2 < 0.

For example, if E2 = 140 V, R = 5 Ω, rL = 0.3 Ω,

X = 0.314 Ω, θ2 = 0, E1 = 80 V, then 0 < θ1 < 36.755◦

is the limiting range for the traditional control scheme. In

other words, when 0 < θ1 < 36.755◦ , then the traditional

control scheme may introduce positive feedback, which

will lead to oscillation or instability.
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Fig. 1. Equivalent circuit of two paralleled UPS

3 THE PROPOSED DECOUPLING

CONTROL SCHEME

3.1 The calculation of decoupling parameters

θ1 > θ2 (or E1 > E2 ) unnecessarily leads to P1 > P2

(or Q1 > Q2 ) is the limitation of the traditional control

scheme, which can be seen from the analysis above. If

we can find new control variables TP1 , TP2 , TQ1 , and

TQ2 ,(TP1 and TP2 are variables regulating the phase or

frequency, while TQ1 , and TQ2 are variables regulating

the voltage magnitude), which meet TP1 > TP2 (or

TQ1 > TQ2 ) when θ1 > θ2 (or E1 > E2 ) is satisfied,

and at the same time, the active and reactive powers

sharing in static state must be ensured using TP1 , TP2 ,

TQ1 , and TQ2 as the new control variables, then we

can overcome the limitation of the traditional control

scheme by adopting TP1 , TP2 , TQ1 , and TQ2 as the

new control variables.

Basing on this, suppose that the expressions of TP1 ,

TP2 , TQ1 , and TQ2 are,

TP1 = K11P1 + K12Q1

TQ1 = K21P1 + K22Q1

(7)

TP2 = K11P2 + K12Q2

TQ2 = K21P2 + K22Q2

(8)

then,
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Obviously, if formulas (11), (12), (13), and (14) are satis-
fied, then θ1 > θ2 (or E1 > E2 ) will lead to TP1 > TP2

(TQ1 > TQ2 ).
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the parameters K11 , K12 , K21 , and K22 defined in equa-
tion (15) can satisfy formulas (11), (12), (13), and (14),
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From the analysis above we can see that in fact this is a
decoupling control scheme because the proposed control
scheme can effectively weaken the coupling between TP1

(or TP2 ) and E1 (or E2 ), and between TQ1 (or TQ2 )
and θ1 (or θ2 ).

3.2 The decoupling control scheme can achieve

the active and reactive powers sharing

Although the decoupling control can improve the per-
formance of dynamic response, it is still necessary for the
decoupling control scheme to achieve active and reactive
powers sharing between the paralleled UPS in static state.

Considering that
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is not zero, then
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ceived from

{
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. Obviously the determinant

of matrix K is not zero, so the proposed decoupling con-
trol scheme can achieve the active and reactive powers
sharing in static state.
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Fig. 2. Curve of M and N vs. R .

3.3 Adaptability of decoupling control to varia-

tional load

The analysis above is for the constant load, the follow-
ing we will analyze the adaptability of decoupling control

to variational load. Substituting Rd for R contained in
K11 , K12 , K21 , and K22 , where Rd is a constant, while

R represents the load and may vary as needed, supposing
that

P1 − P2 = M11

(

sin(θ1 − θ2) +
M12

M11

(E2

1
− E2

2
)
)

TP1 − TP2 = M22

(

sin(θ1 − θ2) +
M21

M22

(E2

1
− E2

2
)
)

(16)

Q1 − Q2 = N11

(

(E2

1
− E2

2
) +

N12

N11

sin(θ1 − θ2)
)

TQ1 − TQ2 = N22

(

(E2

1
− E2

2
) +

M21

M22

sin(θ1 − θ2)
)

(17)

where M11 , M12 , M21 , M22 , N11 , N12 , N21 and M22

are parameters related with the paralleled UPS system.
Then two variables M and N which represent the adapt-
ability of decoupling control to variational load are de-
fined as equation (18),
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M � 1 and N � 1 states that the decoupling control
scheme can effectively weaken the coupling between TP1

(or TP2 ) and E1 (or E2 ), and between TQ1 (or TQ2 )
and θ1 (or θ2 ) comparing with the traditional control
scheme. If Rd = 5 Ω, rL = 0.3 Ω, X = 0.314 Ω, and R
varies from 2 Ω to 100 Ω, the curves of M and N versus
R are plotted in Fig. 2. It can be seen from this figure that
M � 1 and N � 1 are satisfied while R varies from 2 Ω
to 100 Ω. Consequently, the proposed decoupling control
can adapt to variation of load.
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Table 1. System initial parameters

Variable Value Unit
E1 80 V
E2 140 V
θ1 2 degree
θ2 0 degree
X 0.314 Ω
Rd 5 Ω
R 5 Ω

4 THE SIMULATION AND

EXPERIMENTAL RESULTS

In order to validate the decoupling control scheme,
simulation and experimental results for the parallel oper-
ation of two single-phase UPS with no control intercon-
nection are given below. Each UPS is controlled basing
on the traditional droop method described in equation
(19) and proposed decoupling droop method described in
equation (20), respectively.

fi = f0 − KP Pi

Ei = E0 − KV Qi

(19)

fi = f0 − KP TPi

Ei = E0 − KV TQi

(20)

where i = 1, 2, TP1 , TP2 , TQ1 , and TQ2 are defined
as equation (7) and (8).

4.1 Simulation results

Table 1 is the initial condition for simulation, and
K11 = 3.34, K12 = −3.38, K21 = 2.99, K22 = 3.33.
Fig. 3 and Fig. 4 show the simulation waveforms with
the traditional control scheme and with the proposed
decoupling control scheme, respectively.

From the simulation results, we can see the follow-
ing. Firstly, P1 = P2 can be achieved with the tradi-
tional control scheme, while only TP1 = TP2 can be
achieved with the proposed decoupling control scheme.
The reason is that regulating frequency with P1 and P2

(TP1 and TP2 ) will lead to P1 = P2 (TP1 = TP2 ) in
static state, while regulating the voltage amplitude with
Q1 and Q2 (TQ1 and TQ2 ) can not achieve Q1 = Q2

(TQ1 = TQ2 ). As a result, in static state TP1 = TP2

and TQ1 6= TQ2 can be obtained under the decoupling
control, which will lead to P1 6= P2 and Q1 6= Q2 in
the end. So the decoupling control scheme can not im-
prove the static performance, however, we will see from
the following analysis that it can improve the dynamic
performance and stability.

Secondly, simulation waveforms show that the voltage
amplitude drops sharply, that is because the droop coef-
ficient KV is very large in the simulation. It can be seen
from Fig. 3 that the phase error in static state is near

to zero with the proposed decoupling control scheme, but
about 0.97◦ with the traditional control scheme. Consid-
ering E1 = 105.14 V and E2 = 106.74 V in static state
with traditional control scheme, which can be seen from
Fig.3 , the phase error is 0.88◦ by calculating from equa-
tion (5).

Thirdly, the simulation waveforms show that the phase
error is enlarged at the starting time and a fixed phase
error still exists in static state with the traditional con-
trol scheme, while the phase error is decreasing all the
time and keeps zero in static state with the proposed de-
coupling control. We know that θ1 > θ2 but P1 < P2 is
satisfied at t = 0. This belongs to the range of positive
feedback for the traditional control. As for the proposed
decoupling control scheme, the controller can make out
that the active power error is caused by the amplitude,
but not by the phase, so it controls the voltage ampli-
tude. As a result, the positive feedback does not work,
the oscillation and instability can be rejected effectively
under the proposed decoupling control scheme.

4.2 Experimental results

In order to validate the proposed decoupling control
scheme, we give the experimental results on two paralleled
single-phase UPS with no control interconnection. In the
experimental, each UPS is controlled with the traditional
droop method and with the proposed decoupling droop
method, respectively. The parameters for two paralleled
UPS are as follows: Rd = 5 Ω, rL = 0.3 Ω, X = 0.314 Ω,
E1 = 135 V, E2 = 140 V, and the load resistance R
varies as needed. The two UPS begin to be in parallel
operation in the initial situation θ1 > θ2 . The waveforms
of the output currents, circulating currents, active pow-
ers, and reactive powers are shown in Fig. 5 for the in-
stant of paralleling. We can see that the experimental
results accord not only with the theoretical analysis but
also with the simulation results, at the same time. Fig. 5
shows that oscillation exists with the traditional control
scheme while it does not exist with the proposed decou-
pling control scheme, which states that the stability bas
been improved with the proposed control scheme.

5 CONCLUSION

This paper presents a new decoupling control scheme
for the parallel operation of UPS, which can overcome the
limitation of the traditional control scheme. In order to
validate the proposed decoupling control scheme, we give
the simulation and experimental results on two single-
phase paralleled UPS with no control interconnection.
The results of simulation and experiment prove that the
proposed decoupling control scheme can effectively reject
the oscillation and improve the stability.
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Fig. 5. The dynamic waveforms of current, circulating current, active power, and reactive power at the instant of hot-parallel
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